Background: Pseudomonas aeruginosa is a Gram negative ubiquitous opportunistic organism and one of the more problematic drug-resistant pathogens encountered today. Objectives: The aims of the current multicenter research were to assess antibiotic resistance profiles, carbapenemase production, and detection of antibiotic resistance IMP gene as well as virulence factors genes including exoA, algD, lasB, and plcH among the clinical isolates of P. aeruginosa. Methods: A total of 80 nonduplicate isolates of P. aeruginosa were recovered from inpatients. Bacterial identification was done by standard diagnostic tests. Species was confirmed by detection of the exoA gene using the PCR technique. Antimicrobial susceptibility test was performed according to the Clinical and Laboratory Standards Institute (CLSI) guidelines. Carbapenemase production among the isolates was determined by the modified Hodge test. Virulence genes were detected by PCR. Results: A total of 42 (52.5%) isolates recovered from wound specimens. Colistin was the most effective antibiotic against isolates (97.5% isolates were susceptible) and levofloxacin was the least effective drug (67.5% isolates were resistant). The most common antibiotic resistance pattern was CIPR-CPMR-GEMR (47 isolates). In total, 47 (58.75%) isolates were identified as multidrug resistance (MDR), while 30% of isolates were carbapenemase producer (MHT+). Among studied isolates, plcH+ and lasB+ genotypes (100% isolates) were the most common virulence gene patterns. Of 80 P. aeruginosa isolates, 39 (48.75%) showed algD+, plcH+, lasB+, and IMP+ genotype. The blaIMP resistance gene was detected in all MHT positive and MDR isolates. Conclusions: In our study, the emergence of potentially highly pathogenic and carbapenem-resistant strains in joining with a MDR phenotype is alarming, as a feasible outcome would be a severe clinical result concomitant with critical restrictions in antibiotic therapy.
immunocompromised individuals with deficiency in immune system have higher risks for colonization by this bacterium (6) . Pseudomonas aeruginosa causes several different infections including endocarditis, pneumonia, malignant otitis externa, bacteremia, and also, gastrointestinal tract, skin and soft tissue, skeletal, eye, and burn infections (7, 8) . Pseudomonas aeruginosa was the first leading cause of burn infections and the 3rd most common cause of infection in the urinary tract (7% to 11%) (1, 7) .
The rapid increase of multidrug-resistant P. aeruginosa (MDRPA) isolates in clinical settings worldwide has resulted in an increased mortality rate (9, 10) . Several mechanisms are involved in P. aeruginosa resistance to antimicrobial agents, such as carbapenemase production. In addition, the propagation of various classes of carbapenem hydrolyzing bacterial enzymes has been rising worldwide (11, 12) . All types of transferable carbapenemases have been identified in P. aeruginosa strains in different geographical regions. Among these enzymes, the metallo-betalactamases (MBLs) are considered as the most clinically important for P. aeruginosa. Most MBLs encoding genes are located on mobile genetic elements (10, 13) . Furthermore, resistance genes for other antibiotic classes can be present in the same mobile genetic elements contributing in the growth and propagation of MDR isolates. IMP-type MBLs is spread worldwide and in different geographical areas after their first detection in Japan (14) . Pseudomonas aeruginosa have different virulence factors.
Many extracellular pathogenic determinants have been shown to be regulated by a complex regulatory circuit including quorum sensing pathway (15) . Some of the most important virulence factors of P. aeruginosa are Exotoxin A, alginate, and haemolytic phospholipase C. Exotoxin A (ExoA) is a 66 Kd protein, which acts as a major virulence factor of P. aeruginosa (1, (16) (17) (18) (19) . The production of mucoid colonies by P. aeruginosa strains composed of alginates, involving algD genes, protects the organism from antimicrobials and the host's immune system response, and therefore, contributes to chronic inflammation of pulmonary system. Moreover, the phospholipids included in pulmonary system surfactants may be degraded by 2 phospholipases C encoded by the plcH gene (20) . These virulence markers are responsible for colonization and adhesion of bacterium to cell and destroy of host tissue.
Objectives
The aims of the present multicenter study were to assess antibiotic resistance profiles, carbapenemase production and detection of antibiotic resistance IMP gene as well as virulence factors genes including exoA (exotoxin A encoding gene), algD (alginate encoding gene), and plcH (haemolytic phospholipase C processor encoding gene), among the clinical isolates of P. aeruginosa recovered from patients hospitalized in main referral hospitals in the cities of Shiraz and Yasuj, southwest of Iran.
Methods
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Specimen Collection
In this multi-center study, from April 2015 to March 2016, a total of 80 nonduplicate isolates of P. aeruginosa were recovered from inpatients hospitalized in 2 main referral hospitals in the cities of Shiraz and Yasuj. Samples were taken by expert technicians from hospitalized patients admitted to burn, general internal medicine, ICU, pediatric/neonatal, surgery, and the gynecology ward. The sampling method from the wounds included swabs collected from clinically deep areas of the burn wounds when clinical manifestations of wound infection emerged. Urine culture was prepared from patients with suspected bacteriuria and inoculated into MacConkey medium. Wound specimens were sent to clinical microbiology laboratory during 1 hour of collections.
Bacterial Identification
The collected specimens were cultured on blood agar and MacConkey agar (Merck, Germany), and incubated for 24 hours at 35°C ± 2. Primary bacterial identification was done by standard diagnostic tests. Briefly, the overnight pure growth of the organisms on MacConkey agar plates was checked on the basis of Gram staining, colonial morphology, and lactose fermentation. The isolated colonies were final identified by oxidase, catalase, motility, triple sugar iron agar (TSI) inoculation, citrate utilization, gelatin liquefaction, urease production, nitrate reduction, alkaline protease production, oxidative-fermentative reaction, indole, H2S production, and hemolysin tests. Finally, a species was confirmed by detection of exoA gene using the PCR technique, as described in the following. Prototype strain P. aeruginosa ATCC 27853 was applied as quality control strain throughout this study. The pure bacterial colonies were inoculated onto the medium containing 1.5 mL of sterile Tryptic Soy broth (TSB) (Merck, Germany) mixed with glycerol (20%) and stored at -20°C for further investigation.
Antimicrobial Susceptibility Testing
Antimicrobial susceptibility test (AST) was performed using the disk diffusion (DD) break point assay, according to clinical and laboratory standards institute guidelines (CLSI, 2010) (21) P. aeruginosa ATCC 27853 was used as a standard strain.
Detection of Multidrug-Resistant Isolates
Multidrug-resistant P. aeruginosa strains were defined as resistant to at least 3 of the following drugs belonging to several class of antibiotics: ceftazidime, imipenem, gentamicin, and ciprofloxacin by using the disk diffusion method. The data were interpreted according to the CLSI (2010) protocols (21).
Identification of Carbapenemase Producer Strains by Modified Hodge Test (MHT) Phenotypic Method
Carbapenemase production among the isolates was determined by modified Hodge test (MHT), according to the CLSI guidelines (21) . The MHT was performed for carbapenem resistant isolates. A 0.5 McFarland dilution of the Escherichia coli ATCC 25922 in 5 mL of normal saline was prepared. A 1:10 dilution was streaked as lawn on to a Mueller Hinton agar (MHA) (Merck Co., Germany) plate. A 10 µg ertapenem antibiotic susceptibility disk was placed in the center of the MHA plate. Test isolate was streaked in a straight line from the edge of the disk to the edge of the plate. The MHA plate was incubated in ambient air for 16 to 24 hours at 35 ± 2°C. After 24 hours of incubation, MHT positive test showed a clover leaf-like indentation of the Escherichia coli 25922 growing along the test organism growth streak within the disk diffusion zone. MHT negative test displayed no growth of the E. coli 25922 along the test isolate growth streak within the disk diffusion. MHT positive Klebsiella pneumoniae ATCC1705 and MHT negative P. aeruginosa ATCC 27853 were applied as quality control (QC) with each batch of the assay.
Confirmation of Pseudomonas aeruginosa Species by Molecular Method
Polymerase chain reaction (PCR) was performed to further confirm isolates at the species level by using exoA gene encoding exotoxin A specific to P. aeruginosa. All bacterial isolates, identified as presumptive P. aeruginosa, by morphological and biochemical tests, were further confirmed by species-specific PCR to detect the exoA gene. The bacterial cells were cultured overnight on Mueller-Hinton agar. The whole genomic DNA was extracted from single colonies using the boiling method and used as a template for PCR amplification. The primer sequences and the expected sizes of amplicons are presented in Table 1 . PCR mixture consisted of 2.5 µL of PCR buffer, 2.5 units of Taq DNA polymerase (Thermo Scientific), 10 pmol of each primer, 1 µL of dNTP mix (Thermoscientific Co.,), 2 µL of DNA template, and molecular grade distilled water was used to adjust the reaction volume to 25 µL.
DNA amplification was conducted in temperature gradient thermal cycler (Eppendorf 96-well, Germany). The PCR program procedure was as follows; pre-denaturation at 95°C for 5 minutes (one cycle), 34 cycles (denaturation at 95°C for 30 seconds, annealing at 58°C for 30 seconds, and extension at 72°C for 30 seconds), followed by 1 cycle of final extension at 72°C for 5 minutes. 5 µL of PCR products was subject to gel electrophoresis using 1.5% agarose gel (Merck, Germany), prepared in TBE (Tris-Borate-EDTA) buffer for 1 hour, stained with UV illuminating dye (Gel Red) and visualized by UV-gel documentation system (Kodak Gel Logic 200, USA). DNA ladder (size range 100 -1500 bp) was used to detect the size of the expected bands.
Detection of Virulence Genes by PCR
The PCR method was carried out for detection and distribution of 4 virulence genes algD, lasB, plcH, and exoA among 80 P. aeruginosa hospital isolates, using specific primers listed in Table 1 . Extraction, PCR reactions, and gel electrophoresis were performed, as described previously.
Detection of blaIMP Resistance Gene by PCR
The presence of IMP genes in the isolates was assessed by the PCR technique using specific sets of forward and reverse primers, as shown in Table 1 . PCR reactions were performed, as described previously.
Statistical Analysis
All statistical analyzes of data were done by the SPSS software, version 16.0 (SPSS Inc, Chicago, IL, USA, 2014). The values are presented as percentages. Pearson's Chi-square test was applied for analysis and comparison of the frequency. P values ≤ 0.05 were assumed statistically significant. 
Results
In the current study, a total of 80 P. aeruginosa strains were investigated. All isolates were primary detected by biochemical tests and finally confirmed by the molecular method (exoA gene PCR test). Totally, 80 isolates were obtained from hospitalized patients. Table 2 displays the demographic data of studied patients. Pseudomonas aeruginosa spp. infected patients consisted of 49 males (61.25%) and 31 females (38.75%). Maximum number of cases were in the age group of less than 30 years (n = 39, 48.75%) ( Table 2) . Eleven (13.75 %) patients had higher than 60 year age. The maximum number of infected patients were hospitalized in the burn ward (n = 34, 42.5%).
A total of 42 (52.5%) isolates recovered from wound specimens. Table 3 shows the antibiotic susceptibility profile of P. aeruginosa studied isolates. According to the in vitro antibiotic susceptibility testing (AST), colistin was the most effective antibiotic against isolates (97.5% isolates were susceptible) and levofloxacin was the least effective drug (67.5% isolates were resistant) ( Table 3) . Susceptibility rates for imipenem, amikacin, ceftazidime and ciprofloxacin were 41.25%, 40%, 38.75%, and 35%, respectively, and the susceptibility rate for doripenem, gentamicin, cefepime, piperacillin-tazobactam, and carbenicillin was 42.5%, 38.75%, 36.25%, 51.25%, and 43.75%, respectively (Table 3) . Overall, the resistant rate among strains isolated from the wound was more than the urine isolates. Table 4 depicts the multiple antibiotic resistance patterns in isolates. The most common patterns were CIPR-CPMR-GEMR (47 isolates), which were followed by CIPR-CAZR-TOBR (46 isolates) and GEMR-TOBR-AKR (46 isolates). Analysis of cross-resistance results revealed that more than 52.5% of the isolates were resistant to carbapenems (imipenem, meropenem, doripenem) and 42 (52.5%) to imipenem, meropenem, ceftazidime, and cefepime (Table 4). A total of 55% of studied isolates were resistant to tobramycin, meropenem, levofloxacin, and ceftazidime. Based on the in vitro antibiotic susceptibility assay using disk diffusion technique, totally, 47 (58.75%) isolates were identified as MDR (32 isolates in Yasuj vs 15 isolates in Shiraz) ( Table 5 ). A total of 24 (51%) MDR infected patients were hospitalized in the burn ward, and 57.44% MDR isolates were recovered from wound specimens. Only 1 (2.12%) MDR strain was resistant to colistin. Totally, 24 (51.06%) MDR strains were MHT-positive and 100% MDR isolates carried the lasB and plcH gene, whereas respectively, 86.66% and 100% of the isolates in Shiraz and Yasuj carried the algD gene. In this study 42 (52.5%) isolates were resistant to all tested carbapenems (imipenem, meropenem, doripenem) (Table 4) . On the other hand, 5 isolates, which showed multi-drug resistance in disk diffusion test, were carbapenem susceptible. According to MHT results, 30% of isolates were carbapenemase producer (MHT+). A total of 50% of MHTpositive strains were recovered from patients hospitalized in burn ward. The prevalence rate of wound isolated MHT+ strains was higher in Yasuj hospitals (n = 9, 30%) than Shiraz hospitals (n = 5, 31.25%). All MHT+ isolates carried the blaIMP gene and also algD, lasB, and plcH virulence genes. Among 47 isolates which showed resistance to imipenem in disk diffusion test, 39 (82.97%) isolates carried blaIMP resistance gene in the PCR assay. The results of the PCR assay showed 93.61% of imipenem resistant isolates carried all studied virulence genes ( Table 5 ). Images of gel electrophoresis used for detection of the amplified virulence factors and resistance genes in P. aeruginosa isolates was shown in Figure 1 . The lasB and plcH were the most common virulence genes in P. aeruginosa isolates; the prevalence of these genes was 100%. In addition, algD virulence gene was detected in strains isolated from a wound with the frequency of 95.24% (n = 40). In this study, algD gene was the least virulence gene detected among all isolates in Shiraz (95%; n = 38). In MHT positive isolates, all surveyed virulence markers (plcH (100%), lasB (100%), and algD (100%) were detected (Table 5) .
Among studied isolates, plcH+, and lasB+ genotype (100% isolates) were the most common virulence gene patterns; which were followed by algD+, plcH+, and lasB+ genotype (97.5% isolates) ( Table 6 ). Out of the 80 P. aeruginosa isolates tested, 39 (48.75%) showed the algD+, plcH+, lasB+, and IMP+ genotype (Table 6 ). Figure 1 showed PCR results for the detection of virulence factors and resistance gene in P. aeruginosa isolates. Comparison of resistance profile, virulence, and antibiotic resistance genes among isolates collected from different specimens in 2 hospitals in Yasuj and Shiraz are summarized in Table 7 . Among studied strains 39 isolates carried the blaIMP gene. In the present study, the highest prevalence of blaIMP resistance gene was observed in strains isolated from wound specimens with a frequency of 50% (n = 21). The blaIMP resistance gene was detected in all MHT positive and MDR isolates. All blaIMP gene positive strains carried all studied virulence genes (lasB, plcH and algD). 
Discussion
In the present cross-sectional study, we conducted a multicenter study to assess the prevalence of antibiotic resistance profiles, multidrug resistance, carbapenemase production, and virulence determinants in P. aeruginosa isolated from clinical specimens in South-west Iran (cities of Yasuj and Shiraz). According to the exoA gene PCR results, all 80 Pseudomonas isolates were identified as P. aeruginosa. Most of the P. aeruginosa isolates were recovered from burn patients (n = 34; 42.50%), which were followed by paediatrics (n = 18; 22.5%). The prevalence rate of wound isolated strains was higher in Yasuj hospitals (55%) than Shiraz hospitals (50%). The observations on the prevalence of P. aeruginosa strains in clinical specimens were similar to those of other authors noting that the isolation rate of this bacterium from wounds was more than that of urine among clinical specimens.
Antibiotic resistance among P. aeruginosa is a global problem. The presence of multiple potential virulence factors and resistance to clinically relevant antibiotics, especially emergence of MDR strains, and their ability to transfer resistance genes to other bacteria such as Enterobacteriaceae family and other Gram negative non-fermenter bacteria (e.g., Acinetobacter spp. and Stenotrophomonas maltophilia), have made them a subject of close scrutiny and indepth investigations (22, 23) . Carbapenems, ceftazidime, quinolones, and aminoglycosides are important drugs for the treatment of Pseudomonas infections. It is important to highlight the presence of the 56 imipenem-resistant, 54 ceftazidime-resistant, 55 ciprofloxacin-resistant, and 52 amikacin resistant P. aeruginosa isolates in this study. Similar results have been reported by Yayan et al. (24) . Re- cently, it has been relatively common to find resistant to carbapenems, as a result of carbapenemase production and modifications in Por proteins (23, 25) . Long-term use of these antimicrobials in hospitals, community, and veterinary practice in Iran may be the primary reason for the presence of beta-lactam and carbapenem resistant isolates. Furthermore, cefepime, ciprofloxacin, and carbenicillin resistance (63.75%, 65%, and 66.25%, respectively) in this study was quite high in accordance with findings reported by Burgess et al. (26) .
Depending on the MHT results, the current study revealed that the P. aeroginosa isolates showed a high rate of carbapenemase production (30% isolates were MHT+); this was in accordance with the findings of other studies, showing the high prevalence of resistance to carbapenem among clinical P. aeroginosa strains (9, 25) . In present research, 70% studied strains were found to be resistant to imipenem, and strains showing the same resistance to meropenem, however, the rate of resistance to doripenem was lower (63.75%). In this study, the prevalence of carbapenem resistant was higher than that of another report on the prevalence of imipenem resistant P. aeruginosa (IRPA) (58.7%) in Ahvaz, Iran (27) . A similar enhancement in the prevalence of IRPA has been noticed earlier in several studies reported from different countries (28) . Of all 56 imipenem resistant P. aeruginosa (IRPA) isolates, 39 (69.64%) carried the bla-IMP gene, while this gene was detected in all of MHT+ isolats, as reported by another study carried out in Tehran, Iran. In our study there was a sig- nificant difference between bla-IMP gene positive and MHT positive isolates (P = 0.0001), and also between antibiotic resistance and existence of the bla-IMP gene (P = 0.0001).
The progressive increase in carbapenem resistance prevalence in Iran is alarming; therefore, carbapenems cannot serve as the drug of choice for treating multidrug resistant P. aeruginosa infections in the near future. It should also be noted that in many cases antibiotic resistance is transmitted to humans and hospital environment through other sources. As reported, the selection of antibiotics for the treatment of P. aeruginosa infections was very limited and isolates were resistant to most of the common drugs. Resistant strains were tested for alternative therapeutic options such as colistin that showed good response to this drug (97.5% isolates were sensitive). According to the obtained results, the rate of resistance among carbapenem resistant (CR) strains to amikacin, ciprofloxacin, and ceftazidime was 100%. This was in contrast with a previous study from the Shiraz (Iran), which reported that ceftazidime is the most effective drug against this isolate (9) . Due to many carbapenem-resistant (CR) and MDR P. aeruginosa isolates are susceptible to very few antibiotics other than colistin, treatment should involve a combination therapy including colistin.
In the present study, 2 isolates were resistant to colistin. This result is in contrast with a previous research from the South-west of Iran (Shiraz) and Germany, which reported all isolates were susceptible to colistin (2, 24) . Colistin resistant isolates found in our study is quite alarming. Colistin stands as an antibiotic of last resort for multidrugresistant infections. The potential risk for colistin resistance emerging in P. aeruginosa has important clinical implications in infection treatment protocols. The resistant to carbapenems in P. aeroginosa is usually encoded by blaIMP gene. The prevalence rate of blaIMP gene positive strains was higher in Yasuj hospitals (61.54%) than Shiraz hospitals (38.46%); however, this difference was statistically significant (P = 0.04). Another disturbing finding in our study was the relatively high prevalence of doripenem resistant P. aeroginosa (DRPA). The occurrence of DRPA among the P. aeruginosa isolates in our study was seen to be 63.75%. Furthermore, the PCR results of isolates confirmed that 34 DRPA isolates contained the blaIMP gene. These results were dissimilar to those of another report from France, showing the prevalence rate of DRPA to be 15% (29) . In Iran research on DRPA isolates has not be performed and reports are not available. Despite the global spread of resistance to meropenem, as the most active antipseudomonal agent available, no potent and effective antipseudomonal antibiotics have been introduced during the past decade. Doripenem is a new parental carbapenem that is now being developed for intravenous use, however, resistance to this drug has been increased.
The presence of virulence determinants associated with P. aeruginosa enhanced their pathogenicity. Moreover, it was found that wound isolated strains had a larger number of virulence determinants, in comparison to urine isolated strains, as shown in a previous study. The present study revealed the higher frequency of the lasB, plcH, and algD virulence genes among P. aeruginosa isolates, while the frequency of the algD gene was not the same among wound isolates in Shiraz and Yasuj. Our results were similar to those of another study from Iran and other parts of the world, reporting the high prevalence of these virulence genes among P. aeruginosa and the high prevalence of the blaIMP gene among isolates (15) . The exoA gene was detected in all of the 80 P. aeruginosa isolates, which was in agreement with the results reported by other investigators testing tested P. aeruginosa strains for the presence of the exoA gene (30, 31) .
Our results showed that the prevalence rate of MDR strains is higher in Yasuj isolates (68.08%) than Shiraz isolates (31.92%); however, this difference was statistically significant (P = 0.0001). Overall, in the present study, the distribution of resistance gene was more common in multidrug resistant isolates than in non-MDR isolates and the high prevalence of multiple pathogenesis determinants could potentially contribute to bacterial colonization and pathogenesis of P. aeruginosa in the human community. The higher prevalence of blaIMP gene in MDR+ and MHT+ isolates, may explain the role of this gene in emergence of resistance to the carbapenem antibiotics. The algD gene was detected in 97.5% of all tested isolates, with burn ward isolates (n = 32, 41.02%) showing higher prevalence than other hospital wards isolates [paediatric/neonatal (23.07), general internal medicine (11.54%), ICU (10.25%), gynecology (10.25%), and surgery (3.85%)]. This was in accordance with the findings of another study identifying the algD gene in about 91.1% of P. aeruginosa strains (15) . To conclude, algD gene was found to be more common among MDR isolates than non-MDR isolates; also, it had a considerable ability to show other virulence genes and drug resistance.
Among studied strains 39 (48.75%) isolates carried the blaIMP gene, and 24 (30%) isolates were identified as MHT+, nevertheless, this difference was statistically significant (P = 0.0001). Among MHT+ isolates, only 15 isolates carried the blaIMP gene. Likewise, all MHT+ isolates were multidrug resistant (MDR). This results show that the some of the strains that carry the blaIMP gene may not be detectable by MHT phenotypic test or other genes and mechanisms involved in the resistant to carbapenems. Emergence of multi-drug resistant P. aeruginosa, especially to carbapenems and aminoglycosides, and the high prevalence of virulence traits in our study could be regarded as an alarming situation (32, 33) . Antibiotic resistant pathogenic bacteria can come from the variety of foods (34) . Another interesting finding in our study was the more frequent occurrence of algD+, MDR, MHT+, and blaIMP+ strains among the P. aeruginosa isolates from Yasuj compared with those from Shiraz. Also, colistin resistant and pan-drug resistant P. aeruginosa (PDR-PA) strains are emerging. However, the major differences in the occurrence of resistance between the 2 regions were most likely due to the differences in the usage of therapeutic drugs in hospitals.
Conclusions
In our study the emergence and distribution of potentially highly pathogenic and carbapenem resistant strains in combination with a multidrug resistant pattern is alarming, as a possible outcome would be a severe clinical result concomitant with great limitations in antibiotic therapy. However, a regular surveillance of virulence determinants, monitoring of antibiotic susceptibility pattern, and designing practical guide antibiotic stewardship for P. aeruginosa are suggested.
